Traditional Herbal Medicine (THM) has been used for thousands of years, and is popular worldwide due to its effectiveness in a variety of diseases. THM has also formed the basis of the discovery of modern drugs like artemisinin and paclitaxel. However, at present, studies that focus on development in the field of THM are stagnant because currently, the effective ingredients in the herbal formulations and the ambiguity of the underlying mechanisms of action are unknown. In this review, we have investigated the studies available that focused on the efficacy, active ingredients and bioavailability of THM, and the function of gut microbiota in THM-mediated treatment of disease. We hypothesized that most THMs treat diseases via three mechanisms: (1) metabolizing into active metabolites by the action of gut microbiota, (2) regulation of gut microbiota balance, and (3) regulating the fermentation products of the gut microbes. Therefore, focusing on these aspects can help elucidate the pharmacodynamic constituents of THM preparations, and their therapeutic mechanisms of action. Fig. 2 The treating diseases mechanisms of THM acting via gut microbiota: (1) metabolizing into active metabolites by the action of gut microbiota; (2) regulation of gut microbiota balance; (3) regulating the fermentation products of the gut microbes.
The therapeutic efficacy and spectrum of THM
In China, herbs have been used for thousands of years to treat various disorders, and form the basis of a theoretical and practical system for the treatment and prevention of diseases. Traditional Herbal Medicine (THM) is a fully institutionalized part of Chinese health care that is extensively used along with Western medicine. An estimated 40% of health care in China is based on THM, and 75% of health centers have a THM department. 1, 2 According to the China Food and Drug Administration (CFDA), 8760 pharmaceutical manufacturers currently market THM in China, and thereby use a total of 59 027 types of herbs. THM is also widely used in other countries, and by 20% to 25% of the population in Europe. 3 THM is categorized in European countries along with Asiatic medicines, and mainly includes depurative plants used for the treatment of dermatological illnesses or hay baths for cancer treatment. 4 European countries spend almost $5 billion on over-the-counter herbal medicines; Germany accounted for 40% of the expenses. 5 In the United States (US), alternative medicine, including herbs among others, has also gained popularity in routine health care. 6 In retail pharmacy in the US, the sale of herbal medicines has grown by approximately 20% annually, with nearly 20% of the population using herbal preparations. 7, 8 THM has also been widely used to treat diseases, such as malaria, diabetes mellitus, and hypertensive in Africa, 9, 10 as well as in an Indian traditional medicinal system, such as Ayurveda, which is a comprehensive scientic medicinal system, including Charaka Samhita, Susruta Samhita, Madhava Nidana, et al. 11 In general, the therapeutic efficiency of THM is not supported by clinical evidence. Due to the increasing usage and popularity of THM, several studies have been undertaken in recent years to clinically evaluate THM. 12 In 1986, it was showed that ginseng could improve certain psychomotor functions in healthy subjects. 13 A randomized, double-blind, placebocontrolled clinical study was performed to indicate that daily consumption of Lycium barbarum for 14 days could improve neurological performance and gastrointestinal function. 14 The biminne formulation is composed of 11 traditional Chinese herbs, and aer 1 year of treatment was demonstrated to be safe and effective in relieving the symptoms of perennial allergic rhinitis. 15 A Chinese herbal formulation improved the symptoms of irritable bowel syndrome in some patients, as proven by a randomized controlled trial in which 116 patients were enrolled. 16 The efficiency of this formula was also veried by another randomized placebo-controlled trial. 17 "Ba Wei Di Huang Wan'' is a Japanese concoction of eight herbs that has successfully been used as a remedy for the elderly who present with cognitive decline and disability, and was shown to improve cognitive and physical functioning in a randomized trial in patients with dementia. 18 Many studies have been performed that focus on the clinical efficacy of THM, and all of them cannot be enumerated here.
Taken together, THM is used worldwide, especially in China, and is used as an alternative medicine in the US and Europe. Although some THM preparations have shown clinical evidence, the treatment mechanism is still unclear.
Active ingredients or inactive ingredients?
There are hundreds of ingredients in a THM preparation, which can be classied as either active or inactive. The World Health Organization (WHO) denes active ingredients of THM as those "with therapeutic activity." For herbal medicines with known active ingredients, their preparation should be standardized to allow for a dened amount of these ingredients, if adequate analytical methods are available. In any case it is not possible to identify active ingredients, the complete preparation may be considered as an active ingredient. 19 Inactive ingredients are those without detectable physiological activity and clinical effect. Pharmaceutically active ingredients, either one or more compounds, are used to evaluate THM, including Chinese herb medicine, Chinese patent medicine, and Traditional Chinese Medicine (TCM), regarding their therapeutic activity. 20 Although few active ingredients do not accurately represent the quality of TCM, the CFDA uses a single or multiple components as the quality control indicator(s) for most TCM formulations. Several techniques, including chemical ngerprinting, gas chromatography-ame ionization detection (GC-FID), and highperformance liquid chromatography-mass spectrometry, (HPLC-MS) 21, 22 can be used to analyze TCM composition, and help in quality control. However, due to the complex composition of THM not every component is isolated, therefore the biological activity cannot be studied. The Chinese Pharmacopoeia part one 2015 edition includes information of 2598 species used in Chinese herb medicine and Chinese patent medicine, with information on less than 1% quality indicator components ( Table 1 ). The question arises as to whether these few indicators are fully representative of the efficacy of the herbs, and if perhaps unknown components may in fact represent the inactive ingredients. For example, the active ingredient of one of the listed herbs, Cacumen platycladi, which is used for treating epistaxis, hematemesis, hemptysis, hematochezia, abnormal uterine bleeding, hair loss, and premature greying, is quercetin. Quercetin is a avonoid that inhibits the ferrous ion-dependent lipid peroxidation of lecithin liposomes, 23 and shows antioxidant and anti-cancer effects by inhibiting protein kinases. 24, 25 However, to our knowledge, no association has been reported between quercetin and epistaxis, hematemesis, hemoptysis, and hematochezia. Furthermore, the recommended dose of C. platycladi is 12 g, with an active dose of quercetin 12 mg (0.1%), which may or may not be the clinically effective dose.
Patent herbal medicine is produced aer extraction, concentration (renement), and drying of THM, with higher daily dosage requirement compared to Western medicine. Ganmao Qingre granules, also described in the Chinese Pharmacopoeia, are used to treat colds, fever, cough, and pharyngalgia. Its dosage is described as "oral or boiled in water, 12 g twice a day", and its active ingredient is puerarin, which is present at only one thousandth ($10 mg) of the nal formulation ( Table 2 ). The pharmacological properties of puerarin include vasodilation, cardio-protection, neuroprotection, anticancer, anti-inammation, analgesia, bone formation, inhibition of alcohol intake, inhibition of oxidative stress and apoptosis, and attenuation of insulin resistance. 26, 27 Several studies on puerarin have indicated that alleviating colds is not its main pharmacological effect. Taken together, most of the components in a patent medicine are still unknown, and therefore the main therapeutic substances and their pharmacological effects remain unclear.
Low bioavailability of THM
THM formulations are complex, oen composed of hundreds or even thousands of ingredients, such as avonoids, alkaloids, saponins, anthraquinones, tannins, lignin, and terpenoids. The active ingredients in THM have low absorption and bioavailability via the oral route, which is signicant since the oral route is the usual mode of THM administration. The main reasons for their low bioavailability include the following: 28 (1) low levels of the active ingredient due to the relatively crude extraction and purication process. (2) Poor solubility, lipid solubility, permeability, and gastrointestinal stability, and improper molecular size of the active substances. For example, water soluble phenolics are unable to cross the lipid membranes of intestinal cells, 29 and molecules larger than 0.4 nm in diameter have difficulty in passing through the aqueous channels in the intestinal epithelium. 29 (3) Drug-drug interactions (DDIs) of individual THM components, which are essential for its therapeutic effects. 30 These components may be dual or multi substrates of drug efflux transporters, such as P-glycoprotein (Pgp), multidrug resistance associated protein (MRP), cytochrome P450 (CYP450) and others. [31] [32] [33] Thus, these specicity multi substrates of P-gp, MRP and CYP450 might be results of the low bioavailability of THM. Given its successful use worldwide, evaluation of the pharmacokinetics and bioavailability of THM is critical for assessing their safety and efficacy. 34 Sophisticated clinical pharmacokinetic and bioavailability evaluations in recent years (Table  3 .) [35] [36] [37] [38] [39] [40] [41] [42] indicated that most THM are not absorbed via the circulation. With increasing evidence implicating gut microbiota in human health and disease, it is highly likely that the therapeutic effects of THM are related to the gut microbiota.
Gut microbiota in human health and disease
The gut microbiome is very important for human health and is oen considered a "hidden organ". Recent estimates have suggested that the microbes residing in or on human body slightly exceed the number of human cells, which is approximately 1.3 : 1. [43] [44] [45] The total number of genes encoded by the gut bacteria is at least 150 times that of the human genome. 46, 47 The ensemble of genetic material retrieved from the gut known as the "microbial group", is called the "gut meta-genome". 48 The human body can be considered a "super-organism" made of both eukaryotic cells and symbiotic microbes. 49 Under normal circumstances, human tissues and bacteria interact and maintain a functional balance, in addition to forming biological, chemical, mechanical, and immune barriers against invading pathogens. 50 The gut meta-genome and the host genome inuence pathophysiological conditions and the drug metabolism. 51, 52 In 2007, the National Microbiology Program was launched by the National Institutes of Health (NIH) for human health assessment and surveillance, and early diagnosis and treatment of chronic diseases. 46, 48 Previous studies have shown that the gut microbiota closely interact with the gastrointestinal tract, liver, skin, and central nervous system among other organs, and aid in physiological functions, such as digestion and absorption of nutrients, neurodevelopment and transmission, fat metabolism, and immune responses. [53] [54] [55] [56] Therefore, any disturbance in the gut microbiota may lead to various disorders, including metabolic diseases (obesity, diabetes), cardiovascular disease (hypertension), and mental disorders (depression, anxiety, cognitive decline, Parkinson's Disease). [57] [58] [59] [60] [61] [62] The gut microbiota is thought to be comprised of more than 1000 various microbial species. Due to various reasons, the microbial composition can alter throughout their lifespan, therefore, its composition is not static and changes to its structure are dynamic, and overall gut enterotypes may vary from person to person. 46 68 Gut microbiota disorders can lead to metabolic disorders of carbohydrates, lipids, and other substances in the host, and thereby enhance inammatory reactions and oxidative stress in the body, resulting in promoting the occurrence or deterioration of cardiovascular diseases. [69] [70] [71] Gut microbiota can participate in bidirectional regulation of intestinal and central nervous system (CNS) through neurotransmitter, endocrine, immune and metabolic pathways. When the gut microbiota is disordered, it can affect the development of CNS diseases, including cerebral ischemia, Parkinson's disease, Alzheimer's disease, disseminated sclerosis, hepatic encephalopathy, and psychogenia. [72] [73] [74] The intestinal epithelial system is the natural barrier of intestinal exogenous pathogens. In addition, gut microbiota disorders can increase intestinal permeability, and promote intestinal pathogens and intestinal toxins to enter the liver through the portal system, then will cause a series of pathophysiological reactions. The mechanism of action involved alterations in gut epithelial permeability, choline metabolism, endogenous alcohol production, release of inammatory cytokines, regulation of hepatic Toll-like receptor (TLR), and bile acid metabolism. 75, 76 In addition, gut microbiota is also associated with a variety of diseases, such as diabetes, obesity, rheumatoid arthritis, inammatory bowel disease ( Fig. 1 and Table 4 ).
Therapeutic effects of THM through gut microbiota
In the circulation aer oral administration, the concentration of active THM components is usually low. This opens the possibility of THM acting via intestinal absorption, with considerable inuence on the gut microbiota. , and due to its poor specicity, the C-O glycoside bond, C-S bond, C-N bond, and C-F bond can also be cleaved by b-D-glucosidase. b-D-glucosidase is involved in the glycolysis pathway and is highly expressed in Bidobacteria and Bacteroides thetaiotaomicron. 106, 107 b-D-glucuronidase, an important phase II metabolic enzyme, cleaved the b-1,4-glucuronide bond, and its activity was only observed in Firmicutes, such as Lactobacillus, Enterococcus, Clostridium paraputricum, B. fragilis, and B. uniformis. 108 b-Xylosidase is an exonuclease that mainly hydrolyzes xyloside, which could be hydrolyzed to xylooligosaccharide from the non-reducing end in an exo-cutting manner, and the hydrolyzed product is xylose. b-Xylosidase exists in Bidobacterium, Clostridium stercorarium, and Thermoanaerobacterium saccharolyticum. [109] [110] [111] b-Galactosidase can catalyze and hydrolyze lactose to produce glucose and galactose, and catalyzes the galactosyl transfer reaction to form galactooligosaccharides. The activity of b-galactosidase is closely related to the composition of the gut microbiota, and the higher the activity of b-galactosidase when probiotics were dominantly present in intestinal ora. 112 b-Galactosidase is mainly produced by probiotics, such as Bidobacterium, Lactobacillus acidophilus, and Streptococcus thermophiles. 112, 113 Nitroreductase is an NAD(P)H-dependent avoenzyme, which can reduce the nitrogroup into amine or amino, and catalyze the reduction reaction of nitroaromatic compounds into aromatic amine. The metabolites can be used as a nitrogen source for bacterial growth. The activity of nitroreductase can be found in various intestinal bacteria, such as Lactobacillus, Bidobacterium, and Escherichia coli. [114] [115] [116] In addition to the above-mentioned enzymes, many other metabolic enzymes are present in the gut, including a-L-rhamnosidase, azoreductase, and mannosidase. Most of these are produced by intestinal probiotics, such as Bidobacterium, and produce a/b-galactosidase, a/b-glucosidase, b-fructofuranosidase, mannosidase, D-xylanase, D-xylose enzyme. 113 Bidobacterium has been shown to adjust intestinal dysfunction, improve human immunity, inhibit pathogen growth, and have anti-inammatory, and anti-aging effects. 117, 118 Bacteroides thetaiotaomicron is one of the largest bacteria in the gut that can express b-glucosidase, b-galactosidase, b-fructofuranosidase, bmannosidase, a-mannanase, and arabinase. 119 Chemical constituents in THM are degraded and metabolized in the gut by the above-mentioned enzymes. Rutin has two metabolic pathways, which mainly work through Bidobacterium in the gut; one was rst hydrolyzed into isoquercetin by the Fig. 1 The metabolism pathways of sennoside A (A) and ginsenoside Re (B) by gut microbiota. enzyme a-L-rhamnosidase, and further hydrolyzed to quercetin by b-D-glucosidase. The other was converted to leucocyanidin under the action of a-L-rhamnosidase and b-D-glucosidase. 120, 121 Under the action of a-L-rhamnosidase and b-D-glucosidase that are expressed by gut microbiota, ginsenoside Re can be converted into Rh1, F1, and a small amount of protopanaxadiol. There are also two metabolic pathways of sennoside in the intestinal ora. The rst involves the hydrolysis of senna into senna glycoside by b-D-glucosidase, which is then reduced to form rheinanthrone, the other involves reduction of sennoside to 8-glucosyl-rheinanthrone, which is then hydrolyzed by b-Dglucosidase to rheinanthrone. 122 Geniposide is hydrolyzed by b-D-glucuronidase of intestinal bacteria to genipin. 123 Paeoniorin produced deglucose glucosides, and 7S-and 7R-paeonimetabolines I and II under the action of b-D-glucosidase, b-D-glucoesterase and other enzymes, which are produced by Bacteroides fragilis, Peptostreptococcus, and Lactobacillus brevis. 124, 125 The metabolic pathways of several THM compounds in the gut are shown in Fig. 1 Saponins: Saponins have antipyretic, sedative, anti-cancer and other pharmacological effects, and are commonly present in ginseng, Panax notoginseng and Bupleurum. Ginsenosides are the main active constituents of P. ginseng, and are metabolized to compound K (20-O-(b-D-glucopyranosyl)-20(S)-protopanaxadiol) by gut microbiota before absorption into the circulation. Compound K has hepato-protective, anti-cancer, anti-wrinkling, and anti-aging properties, and is more potent than the parental ginsenosides. [128] [129] [130] Ginsenosides can be metabolized by Bacteroides JY-6, Bidobacterium K506, Eubacterium A-44, Prevotella oris, and Fusobacterium K-60. 131, 132 Ginsenoside Re can be converted into Rh1, which exerts a strong estrogenic effect. Ginsenoside Rh1 increased the proliferation of MCF-7 cells 2.1-fold at a concentration of 1 mM, however levels of ginsenoside Re were not signicantly increased when compared with the blank control group. 133 Furthermore, Ardipusilloside-I is a triterpenoid saponin isolated from Ardisia pusilla DC, and has potent anti-tumor activity. Ardipusilloside-I is de-glycosylated into four compounds by the action of bacterial enzymes, two of them have the same anti-tumor capacity as Ardipusilloside-I. 134 Glycyrrhizin is difficult to be absorbed in the intestine. It interacts with intestinal bacteria to produce glycyrrhetic acid, which was absorbed by the body and showed stronger anti-hepatotoxicity activity when compared with glycyrrhizin. 135 Flavonoids: Flavonoids are the active ingredients of various THM formulations. Baicalin, a avone glycoside, can be deglycosylated into baicalein or methylated into aglycon orohylin A by gut microbes. Baicalein and orohylin A have been shown to improve antihistamine-induced pruritus responses in mice when compared to baicalin, and compared to baicalin inhibited the contraction of guinea pig ileum induced by histamine (with 50% inhibitory concentration of 0.28 mmol L À1 ). 136 Poncirin is the active constituent of Poncirus trifoliate, and is metabolized by gut microbiota to ponciretin both in vitro and in vivo. The anti-inammatory effect of ponciretin is superior to that of poncirin, and can attenuate colitis by inhibiting lipopolysaccharide (LPS) binding to TLR4 on macrophages, and restore the Th17/Treg balance. 137 The anti-inammatory and anti-tumor effects of lancemaside A (also has b-glycosidic bonds and a-rhamnoside bond in the structure), the active constituent of Codonopsis pilosula, might be due to echinocystic acid, which is a metabolite produced by the action of gut microbiota. 138 Codonolaside II, echinocystic acid 28-O-b-D-xylopyranosyl- (1,4) a-L-rhamnopyranosyl-(1,2)-a-L-arabinopyranosyl ester, and echinocystic acid 28-O-a-L-rhamnopyranosyl-(1,2)-a-L-arabinopyranosyl ester are other products that were produced by glycosidic bond hydrolysis. 139 In a previous study, it was shown that echinocystic acid potently inhibited acetylcholinesterase activity, and signicantly reversed scopolamine-induced memory and learning decits on passive avoidance tasks. Echinocystic acid more potently shortened the escape latencies prolonged by treatment with scopolamine when compared to lancemaside A in a Morris water maze task. 140 Sennoside: Sennoside is the main active ingredient in rhubarb, and has poor diarrhea effect due to it poor intestinal absorption. Sennoside glycoside (rheinanthrone), which is produced by hydrolysis of sennoside by the Bidobacteria secreted b-D-glucosidase, has diarrheal effects. 122 Rheinanthrone reects the laxative effect by stimulating the activation of macrophages and reducing the expression of colonic aquaporin-3. 141 Similarly, barbaloin can be hydrolyzed to aloe-rhein anthrone by the action of Eubacterium spp. BAR, which has a pronounced diarrheal effect. 142 Others: Rhapontin is metabolized into rhapontigenin by intestinal bacteria, which has stronger antithrombotic and antiallergic effects when compared to its parental compound. 143 Geniposide is hydrolyzed into genipin by intestinal bacteria, which have cholagogue and anti-hepatitis effects, however an intravenous injection of geniposide does not have a cholagogue effect. 123 Gut microbiota not only increase the pharmacological activity of active THM ingredients, but also reduce the toxicity of certain ingredients. For example, aconitine is decarboxylated, methylated, hydroxylated, and esteried by intestinal bacteria into mono-, di-, and lipid alkaloids, and metabolites, which have signicantly less toxicity but the same pharmacological effect when compared to the parental compound. 144 In addition, some active THM ingredients, including ginsenoside Rb 1 , crocin, amygdalin, geniposide, puerarin, ginsenoside Re, poncirin, hesperidin, and baicalin are metabolized by the gut microbiota to compound K, crocetin, benzaldehyde, genipin, daidzein, ginsenoside Rh 1 , ponciretin, hesperetin, and baicalein, which have a more potent anti-tumor effect compared to the parental compounds. 145 The pharmacodynamics of part of the prototype compounds in THM and their metabolites in the gut are presented in Table 5 .
5.1.3 Un-conrmed bioactivity metabolites of THM in gut. As described in section "5.1.1", active substances of THM are metabolized by gut microbial enzymes. Although it is not clear whether the metabolites have strong transient pharmacological activity, several studies have shown that gut microbiota does change the behavior of these compounds in vivo.
O-glycoside bond compounds: Oxyglucosides are one of the most common compounds present in THM, and include oxyglucosides, glucosinolates, and azaglycosides, which are characterized by glycosidic bonds. Glycosides are highly susceptible to hydrolysis, and glycosidic bond cleavage results in the formation of aglycones. Water-soluble psoralen and isopsoralen glycosides can be hydrolyzed into psoralen and isopsoralen by the gut microbiota. 146 Hattori et al. showed that paeoniorin is primarily metabolized into paeonian I, followed by paeoniins II, III, and IV by Peptostreptococcus anaerobius and Lactobacillus. 124, 125, 147 Arctiin is the major lignan glycoside of Fructus arctii, and is hydrolyzed by Blautia spp. AUH-JLD56 into 3 0desmethylarctigenin. 148 Loganin is an important constituent of Fructus corni, and is metabolized by intestinal bacteria into log 1 and log 2, which have immuno-modulatory, anti-shock, and anti-arrhythmia functions. 149 Astilbin, the active ingredient of Smilax glabra Roxb, exhibits a variety of pharmacological activities, including anti-inammation, anti-cancer properties. It is metabolized by intestinal bacteria into two main bioactive metabolites that are identied as eriodictyol and quercetin. 150 Myricitrin is an important botanical avonol glycoside with signicant anti-inammatory and antioxidant properties. It is de-glycosylated and de-hydroxylated into quercetin-3-O-rhamnoside and quercetin, respectively. 151 Ziyuglycoside I is one of the major active ingredients in Sanguisorba officinali with free radical scavenging and elastase inhibitory activities. The gut microbiota degrade ziyuglycoside I into M0-Glu-Ara+O, M0-Ara, M0-Glu-COOH, M0-Glu, M0-Glu-Ara+O and M0-Ara+H 2 O. 152 Rutin, the active ingredient of Flos sophorae, is metabolized by Eubacterium ramulus into quercetin. Reduction and hydrogenation of quercetin into alphitonin, followed by oxidation cleaved generated 3,4-dihydroxyphenylacetic acid and phloroglucinol. 153, 154 Moreover, studies have shown that a-L-rhamnosidase, a rhamno-glycoside metabolizing enzyme that is secreted by Bidobacterium dentium, and can hydrolyze rutin, poncirin, naringin, and ginsenoside Re. It is more effective in hydrolyzing (1 / 6) bonds than (1 / 2) bonds of rhamnoglycosides. 155 C-glycoside bond compounds: The C-glycoside bonds of pueraria isoavones (active ingredient of Kudzu root) are difficult to hydrolyze. The CG19-1 strain of Corynebacterium isolated from human intestine specically hydrolyzes the C-glycoside bonds of puerarin, and other aromatic compounds. 156 Others: Procyanidins are common polyphenols present in many THM, and exhibit antibacterial, antioxidant, antiviral and anti-inammatory properties. A-type and B-type procyanidins are metabolized to benzoic acid, 2-phenylacetic acid, and 3phenylpropionic acid, respectively, by gut microbiota. 157 Ellagitannin, a polyphenol isolated from Polygonum capitatum with potential antitumor activity, is metabolized into thirteen metabolites by the intestinal bacteria in vitro. 158 In addition, Eubacterium ramulus SY8519 dehydrodaidze into Odemethylandrostatin. 159 Taken together, although the activities of the abovementioned metabolites have not yet been conrmed, gut microbiota can certainly alter the composition of THM in the gut.
THM regulate gut microbiota balance
Under normal circumstances, the intestinal microora maintains a symbiotic or antagonistic relationship with the host, and constitutes a micro-ecological balance in the human body. If this balance is disturbed during pathophysiological conditions, dysbiosis may occur. Therefore, the physiological relationship between normal ora and host is transformed into a pathological relationship. Intestinal dysbiosis is largely the result of the overuse of antibiotics, and is associated with various diseases of the digestive system, allergies, and immune disorders among others.
In previous studies, it has been shown that several THM and its active compounds have prebiotic-like effects that promote the proliferation of intestinal bacteria. Berberine, the active ingredient of Rhizoma coptidis, prevents high-fat diet-induced obesity and diabetes. Berberine also exerts a signicant antimicrobial activity by inhibiting the assembly function of FtsZ and halting bacterial division. Berberine improves gut microbiota composition in rats, promotes the growth of probiotics and production of short-chain fatty acids, lowers the intestinal pH and the accumulation of exogenous antigens, increases the levels of lipopolysaccharide-binding protein and leptin, reduces serum adiponectin, and exerts lipid-lowering and hypoglycemic effects. 160, 161 Furthermore, Berberine signicantly enriches the genera of Klebsiella, Proteus, Escherichia, and Shigella of the Enterobacteriaceae family in gut microbiota, and inhibits the growth of Lactobacillus in vitro. 162, 163 Astragali Radix is a THM, which is known for its immunogenic effect. Its active ingredient is calycosin-7-O-glucoside, which is hydrolyzed to aglycone calycosin by gut microbiota in vitro. Calycosin has a higher permeability when compared with calycosin-7-O-glucoside, although the parental compound stimulates the growth of Lactobacillus and Bidobacterium. 164 Extracts of THM or its active compounds also have regulatory effects on the gut microbiota. THM polysaccharides can restore the homeostasis of gut microbiota and promote the absorption of small molecules. Ginseng polysaccharides in the Du-Shen-Tang formulation have shown to improve intestinal metabolism and absorption of certain ginsenosides and restore perturbed gut microbiota, and enhanced the growth of Lactobacillus spp. and Bacteroides spp. 165 Saponins and polysaccharides of Polygonatum kingianum prevented the increase in fasting blood glucose levels and enhanced the amount of fasting insulin, which may improve intestinal micro-ecology by decreasing the abundance of Bacteroidetes and Proteobacteria, thereby increasing that of Firmicutes. 166 Ganoderma lucidum extracts added to a high-fat mouse diet not only reduced the ratio of Firmicutes/Bacteroidetes and endotoxin-producing bacteria induced by the high-fat diet, but also maintained the integrity of the intestinal barrier, and reduced endotoxemia. 167, 168 In addition, extracts of ginseng and Semen coicis have shown to improve intestinal dysbiosis and symptoms of colonic inammation, as demonstrated in an ulcerative colitis model induced by trinitrobenzene sulfonic acid. Furthermore, these extracts also promoted the growth of probiotics including Lactobacillus and Bidobacterium, and inhibited the growth of pathogens, such as E. coli, S. aureus and Salmonella spp., which was veried in vitro. 169 Chinese herbs and herbal extracts, such as polysaccharides from the seed of Plantago asiatica L. and Dendrobium candidum could treat diabetes mellitus by regulating the gut microbiota. 170 Furthermore, Ulmus rubra and triphala signicantly increased the relative abundance of butyrateproducing bacteria, and Glycyrrhiza glabra was increased in propionate-producing species. 171 
Gut microbiota fermentation products are inuenced by THM
The major gut fermentation products in healthy adults involve gases and organic acids, in particular the three short-chain fatty acids (SCFAs) acetate, propionate, and butyrate, which have anti-inammatory and anti-cancer effects. 172 Acetate is the main product of colonic fermentation, most of which is produced by the fermentation of undigested carbohydrates in the intestinum tenue by colonic anaerobic bacteria. 173 Propionate is the main product of Bacteroides fermentation, whereas butyrate is the main metabolite of Firmicutes, which can be absorbed and utilized by colonic epithelial cells, and are the preferred source of energy for both the colon and cecum. 174 Bacteria that produce SCFAs include Bacteroides, Clostridium, Bidobacterium, Eubacterium, Streptococcus, and Peptostreptococcus.
Immune regulation and anti-inammatory: SCFAs participated in intestinal immune regulation by affecting the release of inammatory factors, immunochemokines, and inhibition of epidemic effector cell proliferation, and play an important role in the intestinal defense against pathogenic bacteria. 175 Recent data have shown that SCFAs also regulate the size and function of the colonic Treg cell pool, and protect against colitis in a Ffar2-dependent manner. 176 SCFAs could inhibit histone deacetylase, reduce NF-kB activity, and inhibit IL-8 and TNF-a, which are released from neutrophils and macrophages, thereby reducing the inammatory response in the intestine. 177 Butyrate could also inhibit intestinal inammation though inhibiting the IFN-g/STAT1 signaling pathway, tyrosine and serine phosphorylation, nuclear translocation, and DNA binding activity. 178 A total of 30 mmol L À1 acetate, propionate and butyrate reduced the release of TNF-a without affecting the release of IL-k protein, thereby indicating that SCFAs have a good therapeutic effect on colitis. 179 Anti-tumor: physiological doses of acetate, propionate, and butyrate inhibited the growth and proliferation of rectal tumor cells, and induced tumor cell differentiation, and apoptosis. 180 SLC5A8, which is predominantly expressed in the colon, is a Na(+)-coupled transporter for short-chain fatty acids that inhibited tumor growth by regulating the bacterial fermentation product butyrate. 181 SCFAs also protected the colonic mucosa from tumorigenesis by regulating colon cell phenotype, DNA synthesis and methylation, and c-myc levels. 182, 183 Energy metabolism: in the context of energy metabolism, SCFAs activate the GPR43, thereby suppressing insulin signaling in adipocytes, which inhibits fat accumulation and promotes the metabolism of unincorporated lipids and glucose in other tissues. 184 SCFAs may also be the key factors involved in improving the pathophysiology of diabetes. 185 Others: SCFAs function in maintaining the balance of water and electrolytes in the gut. Perfusion of SCFAs can signicantly reduce the secretion of water in the colon, and subsequently, butyrate signicantly reduced the secretion of Na + , K + , and Cl À , while propionate reduced the secretion of HCO 3 À , and acetate inhibited the secretion of Na + and Cl À . 186 Intravenous SCFAs effectively maintained the height, width, crypto depth and mucosal thickness of intestinal villi, increased the proliferation capacity of intestinal mucosal cells, reduce intestinal mucosal atrophy caused by triphosphopyridine nucleotides, maintained the morphology of intestinal mucosa and maintained the integrity of intestinal epithelial cells. 187 SCFAs also promoted glucagon-like peptide-2 secretion in intestinal cells, which is an intestinal epithelial-specic growth factor that promotes intestinal mucosal growth and repairs intestinal epithelial damage. 188 In recent studies, it was conrmed that THM affected the fermentation products of gut microbiota, for example berberine lowered blood lipid and glucose levels via multi-target mechanisms, and affected the SCFAs. Oral administration of berberine modied intestinal bacterial composition by increasing the abundance of butyrate-producing bacteria, which then entered the circulation and reduced blood lipid and glucose levels. 189 Polysaccharides from seeds of Plantago asiatica L. increased SCFAs and fecal moisture along with lowering the pH in the colon, which might be benecial for colon health. 190 Polysaccharides from Polygonatum kingianum decreased total SCFAs, acetate, propionate, and butyrate in high-fat diet-induced type 2 diabetic rat gut. 166 Moreover, the leaves of Passiora edulis decreased acetate and butyrate levels in normal male Wistar rat gut. 191 Polysaccharides from Chrysanthemum morifolium, Xiexin Tang, polysaccharides S-3 from Sijunzi decoction increased acetate, propionate and butyrate levels in rat gut. 192 
Perspectives
THM is the foundation of modern medicine, and many successful THM-based pharmaceutical drugs have been formulated. Prominent examples include morphine, which was isolated from opium in 1806, strychnine (1818), ephedrine (1887), paclitaxel (1971), and more recently artemisinin, which was the subject of the 2015 Nobel Prize in Physiology or Medicine. These drugs have made signicant contributions to human health, and have indicated the importance of THM in modern medical research and development. However, to date very few active ingredients of THM have been identied by pharmacodynamical and biological assays either in vitro or in vivo. Furthermore, the content of these substances in THM preparations is very low, and most of them have poor bioavailability. Nevertheless, thousands of years of observing the practical benets of THM and modern clinical research has proven the efficacy of THM in several diseases. Further research and development is still required to elucidate the underlying mechanism of action.
Disturbances in gut microbiota composition are related to the occurrence, development, and treatment of various diseases. Several studies have shown that active components of THM or its extracts could interact with gut microbiota, thereby resulting in positive effects (Fig. 2) . These ndings suggested that the role of THM in treating diseases may be related to gut microbiota, and there may be three likely modes of interaction: (1) metabolism of THM by microbes into active and even more potent metabolites, (2) regulation of gut microbiota by THM components, and (3) promoting the synthesis of therapeutic fermentation products, such as SCFAs by the gut microbiota. In addition, gut microbiota can increase the toxicity of several THM, such as amygdalin, hydrolyze this to HCN under the anaerobic Bacteroidetes phylum in the gut and cause toxicity. 193 In summary, both historic and modern science validate the efficacy of THM, however research and development in this eld has staggered due to the complexity of ingredients and the unknown mechanism of action. Thus, in recent years, research on gut microbiota has brought a new perspective into the study of THM.
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